A sensitive reverse transcriptase-PCR (RT-PCR) method to detect viable Escherichia coli O157:H7 in milk was established. The primer sets were designed based on the nucleotide sequences of the rfbE (per) and wbdN genes in the O157 antigen gene cluster of E. coli O157:H7. RT-PCR using five different primer sets yielded DNA with sizes of 655, 518, 450, and 149-bp, respectively. All five of the E. coli O157:H7 strains were detected by RT-PCR, but 11 other bacterial species were not. The sensitivity of RT-PCR was improved by adding yeast tRNA as a carrier to the crude RNA extract. The RT-PCR amplifying the 149-bp DNA fragment was the most sensitive for detecting E. coli O157:H7 and the most refractory to the bactericidal treatments. Heat treatment at 65 o C for 30 min was the least inhibitory of all bactericidal treatments. Treatment with RNase A strongly inhibited the RT-PCR of heated milk but not unheated milk. This study described RT-PCR methods that are specific and sensitive with a detection limit of 10 E. coli O157:H7 cells, and showed that pre-treating milk samples with RNase A improved the specificity to detect viable bacteria by RT-PCR.
Introduction
Escherichia coli O157:H7 is an important pathogen that has been associated with severe gastrointestinal and systemic diseases, such as hemorrhagic colitis and hemolytic-uremic syndrome (Karmali, 1989) . The major virulence attributes of E. coli O157:H7 include production of Shiga toxins 1 and 2, which are responsible for development of systemic symptoms of the diseases, which have been reported following consumption of raw or undercooked ground beef (Doyle, et al., 1997) . Cattle are generally considered major reservoir for E. coli O157:H7 and these animals excrete the bacteria in feces. Fecal contamination of foods, such as meats and dairy products, as well as water is the major mode of spread of this pathogen to humans (Griffin et al., 1991; Hancock et al., 1994) . Although most commonly associated with foods of animal origin, E. coli O157:H7 may also be isolated from contaminated drinking water, salad dressing, and buttermilk (Dineen et al., 1998; McIngvale et al., 2000; Szabo et al., 1986) .
The conventional culture method to detect E. coli O157:H7 is laborious and requires 2-3 d for completion. The molecular methods including PCR have been developed for rapid sensitive detection of low level of the bacteria in bovine feces, foods, and water (Fratamico et al., 1995; Paton and Paton, 1998) . Genes, such as sltI and sltII encoding Shiga toxin 1 and Shiga toxin 2, respectively, (Gooding and Choudary, 1997; Witham et al., 1996) , rfbE encoding for O antigen O157 serotype (Bilge et al., 1996) , and eae encoding intimin (Yu and Kaper, 1992) were investigated as the target genes for PCR to detect E. coli O157:H7. However, major shortcoming of the PCR in detection of a pathogen is that the assay synthesizes DNA as far as there is sufficient template DNA, which is not degraded in the bacteria killed by heating, drying, and starvation (Dupray et al., 1997; Masters et al. 1994) .
There are several types of RNA in bacterial cells, including mRNA and rRNA. rRNA is an constituent of ribosomes and present in high copy numbers. However, rRNA was reported to remain intact for extended period of time in dead bacteria (McKillip et al., 1998) . mRNA is considered to have a short half-life of only a few minutes (Kushner, 1996 , 2002; Sharma, 2006; Yaron and Matthew, 2002) . These methods had problems with low efficiency of nucleic acid purification, which resulted in increased detection limit and required extended preenrichment culture of food sample before RT-PCR assay (McIngvale et al., 2002; Sharma, 2006; Yaron and Matthews, 2002) . RT-PCR signal may persist for a long period of time depending on the treatment to kill the bacteria and post-treatment holding conditions (Sheridan et al., 1999) . The objectives of this study were to establish sensitive specific RT-PCR methods using primer sets derived from the O157 antigen gene cluster and to determine effects of various bactericidal treatments and RNase A treatment of heated milk on specific detection of viable E. coli O157:H7. Preparation of culture and milk samples Gram-positive bacteria and Gram-negative bacteria were cultured in brain heart infusion broth (Difco, USA) and tryptic soy broth (Difco, USA), respectively. Gramnegative bacteria and Bacillus were cultured in a shaking incubator at 100 rpm. The other Gram-positive bacteria were cultured statically. The culture used to isolate RNA extract was incubated for a short period of time until the bacterial number reached approximately 10 9 CFU/mL which was estimated using McFarland nephelometer. The culture was cooled in iced water and diluted to obtain the bacterial number from 10 2 to 10 9 CFU/mL with sterile phosphate-buffered saline (PBS) containing 0.14 M NaCl, 2.7 mM KCl, 1.5 mM KH 2 PO 4 , and 8.1 mM Na 2 HPO 4 . The bacterial suspension (1 mL) was added to commercial UHT-sterilized milk (9 mL). The milk sample was used to isolate RNA extract.
Materials and Methods

Microorganisms
Preparation of RNA extract
The milk sample (1 mL) and 25% sodium citrate (60 µL) were added into a tube. The mixture was vortexed for 5 min and centrifuged at 5,000 g for 5 min. The cream layer and supernatant were discarded. Tri reagent (1 mL) (Sigma and Aldrich, USA) was added to the pellet. The mixture of Tri reagent and the pellet was vortexed for 30 s and left at room temperature for 5 min. 1-Bromo-2-chloropropanol (Sigma Aldrich, USA) (100 µL) was added, then vortexed for 30 s, and left at room for 10 min. The mixture was centrifuged at 10,000 g for 15 min. Colorless aqueous upper phase, crude RNA extract, was transferred to a new tube. Yeast tRNA (10 mg/mL, 5 µL) and isopropanol (500 µL) were added to the crude RNA extract. The mixture was vortexed for 15 s, left for 10 min, and then centrifuged at 10,000 g for 10 min. After discarding the supernatant 75% ethanol was added, vortexed, and then centrifuged at 10,000 g for 10 min. After drying RNA pellet, 1×RQ DNase reaction buffer (20 µL) and RNase-free RQ DNase (1 unit) (Promega, USA) were added. The dissolved RNA extract was transferred to a new tube and incubated at 37 
RT-PCR and PCR
The primer sets used in RT-PCR and the expected sizes of amplified DNA are listed in Table 1 . The nucleotide sequences of the primers of RFB and OAG are based on rfbE (per) and wbdN genes, respectively, in the O157 antigen gene cluster. The NCBI's website with accession number of AE005429 was referred to obtain the nucleotide sequences of the genes. Beacon Designer (Premier Biosoft International, USA) was used to optimize the nucletide sequences of primer sets for efficient DNA synthesis. The composition of Access RT-PCR (Promega, USA) used in this study was 1×AMV/Tfl reaction buffer, 0.7 mM MgSO 4 , 0.2 mM dNTP, 2.5 U AMV reverse transcriptase, 2.5 U Tfl DNA polymerase, 1 µM forward primer, 1 µM reverse primer, and RNA extract (5 µL).
